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EEH, A RN LS HATE AL BA T RIKHE, 4 R &, H40741  H40493  H40982 . H41133  H41134  H41034
H40493 F= H22148 4 8 4k Zwh & ,HA0741 = R Bk &, sF L i 47 0~360 s KoM K, KRS P RIBREAK
H40741-20 , 3t 2 R IGR A K B3 7 P T3 138675 A1 2 462.84 U/ml 69 BB, 2 h K 4k ed 3 45, it 44l B4k
EEERFATARE RS EH AR 50T K FRERFART A8 8 HE 50 g, 208 50 g,k 100 mL, AER 42 g,
FRER4E 0.07 g, ARBR4T 0.1 g, HA0741-20 #) B b B] A 3% A L K B, T 3R AF B4 7% /1 4 421.06 U/mL R B, % & 4k
H40741 45 2.7 4%,
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UV mutagenesis of Aspergillus niger for increasing pectinase production
and its solid-state fermentation using grape skin residue
HUANG Dan-mei' ,SONG Yu-yang'? ,LIU Yan-lin'” QIN Yi'*"

(1.College of Enology, Northwest A&F University, Yangling 712100, China;
2.Shaanxi Engineering Research Center for Wine and Viticulture, Yangling 712100, China)

Abstract ; For increasing pectinase productiont, UV light was used to produce Aspergillus niger mutagenesis,and the grape skin
residue was used to produce pectinase by Aspergillus niger. The results showed that, in the eight Aspergillus niger strains
H40741,H40493 ,H40982 ,H41133 ,H41134 , H41034 , H40493 and H22148,the H40741 has the highest pectinase activity.
Ultraviolet light on H40741 spores 0~360 s, and we obtained a high yield pectinase mutant strain H40741-20.The pectinase
activity was 462.84 U/mL in pectin liquid fermentation medium, which was 3 times of the original strain. By optimizing the
contents of grape skin residue,wheat bran and water, we obtained a better medium formula was grape skin residue 50 g, wheat
bran 50 g,water 100 mL, ammonium sulfate 2 g, magnesium sulfate 0.07 g, potassium sulfate.The pectinase enzyme activity was
421.06 U/mL,which was 2.7 times higher than that of the original strain H40741 by using this optimized solid medium.
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SR AR L R A PR F 5B E R ARSS S
TS 1 g R o X ey ik SRl i AR 8
B BT W BRI ZH, AT 7 A 98 A8 BB Bk o

A% A= By [ 25 %% B ( Solid State Fermentation ,
SSF) A 7= SR e lig HAT JFUBH AR SR P, T AE
T8 B, S Wt o T S e A AT TC R AR, B BT 2
IR, B ZERHABUIN, TR BTG G Sl ok, IR
E 20 ) A2, HAP A ) iz o A4 40 10 19 2 7
A5 St AR A ] ™ A DR d 1Y) 8] 28 152 T8, 240 o
AT Y 25% ~30% 7 o B A B2 i b A Kk
B S FE ) o, ANy 254 i ( poly — phenolic compounds,
PP) & dk i) 3k 285~550 mg/kg ™ FE 75 F Y & S
6.96 mg/g ™, H A K I 24 o5 Ak A 9% ~
17% 7[RI 2 2 iz o vb L & A — s B SRR
b AT A Y ) TR S S R b AR A B A ek Y AU 37
Py RE AR B IR, 5 YL IR EE XA A S i F
TR E B LG R, A ASE I T B IR A 00 ek
Al WK T X 5 gy . 5 [E & R BEAH 1L, >R
RS R WEIE AT 0 0 B & I ) 0] 25 | B /e S50
Mo BRI, ASHIF 9% 2R 2 W] Bl 1 55 VR3S R I VA AH 45
A HEAT IR e A I i 0 SR D A A AR, T X 0 %k T
A5 B R AT 8 2] Bz e T A 2 W, Sy R A 4 B v ]
A e W A 7 IR PR il B S R
1 #HEAEE
11 BRSE

it & H40741 ., H40493 . H40982 . H41133
H41134 H41034 .H41278 #1 H2214 v [F Tk A=
W TR AP R B PR O o

WA REBRE A S IR AT BRI T
SRS, R S A 1% ~1.6% ; 245k B
Y Seg e IR AR YRR R F s R FUE
fERR AL R EREAR AT ;3,5- Rk
iz [ 254 B AL 2R R A BR S 7 5 BB B A R 4
fie PR 4K | it T 66 B TR 46 Ml T S0 4P L SR Fb i L A
N TN = A5 34 R 43 BT 4l 9

UVI800 %% 4 ®] UL 43 5% S B it Agilent
Technologies ; PB—10 fR & i1  db 5 ZE L R {48 =
SARAF ;QYC-2112 AUEIRIEIR IG5

WA BRI F s MIPS-250 B R IR4E LG 22 ss
AR TE

1.2 XWeH*E

12,1 FHEGLFIAECH]  DNS K7 :3.25 g3,5- 7§

KGR, 162.5 mL 2 mol/L S & fL4h,22.5 ¢ TH =
B, AE 452 500 mL™

T i

pHS5.0 BEIR— AT IR % b ™) B 71.62 ¢ -+ —uk
AR A T AN,21.01 g FPEETR , 43 E 45 23 1000 mL,
$210.3:9.7 IR G .

PG - oFF 2 o LA B0 IS M T /0 B 2R 1ok

Hh PR 1 g LA SR R AR B T P, 1 A o 4
JEEZEZE 300 mL, BECIRTE .
1.22 ¥igpst RlmiEsR3EE(PDA) 200 g S0 %
(EE, P18, oK, & 36 30 min, @64, FH 2 A i 0,
VEWOINE , 4528 100 mL) ,20 g 55,20 g 7i % b,
1000 mL ZE187K ,pH HER,

RIS (%) 0.1 g BEFR &l —41,0.5 g R
B£,0.3 ofiffiR4M,0.001 g fifiRk,2.0 g Tiifl§,0.2 g 5C
By WL, pHS.S ™7

WS KR TR (% )0.1 g BEIRE 41,05 ¢ i

MRk ,0.3 g filglR 414 ,0.001 g FREEL,0.2 g SLO0 R AL,
pH5.5,
1.2.3 - R R RO e RS Qu E T 451 1y
WY E W Bl E A% (Dp) 5 W % B AR (De) LWEE K™
SR T ) T AP O 88 1 0 SR T A 7 R R T e 1 e
1= P B A B R, AR S 56 X T i HR Dp/De ERAE R
PR LR 2 i 5 BRI AR EA T 52 7

W0 < F Bl A P AR AR PDA REmTRE IR -,
28 CLEMTFHEEFR 5~7 do B3R Bl =R}
T B ARAF T —4 C kG o BN Ak ag- %) 4=k T e Ak 1
S, TG B 7K v B A, i AR A ST 0 L e E R
10° A~/mL B9 A9 T 2 W, FF T R W4 S AR B 10°°
1077107 (10 4% . FAR AR EL 100 WL B s i)
PRV AR 0 B R IR S M B 3R T (AR R M 3
ASEAT) L, R AT, BIE F 30 C K4 TFE IR 3R
3~4 d' BRI ) R R VAR T H R AR A R
FREPEACHF A 5 mL 5 36 B, 7 1k 2 min 5
MR, B 5 mL Az R K CE 10 min J5 5]
H,24 h J5 7T UL s R, e BGAE A B H A2 (Dp) 5
B 74 B4R (De) Fefl g R s BEA 752 07 .

S0 MER AR ZLAEE R 1.0 g, A pH5.0 @
TR — AT IR 22 P S E ZF & 1000 mL, 45 %] 1 mg/mL 11
EZUBEE RS MR . B 9 32 25 mL Y HL ZEE I 4R
B IR ER 1 I A AMAT IR A AT, WK 5 min,
TR E, INZEME K E A 2 25 mL, JH 24053566 R
TIE 540 nm PR AN E SRR E . LARSEEEE (A)
AR R FLPEBRE R R B (B mg/mL) YAk bR, £
HIBRE e, AR HERT Z 7 28 B = 1.6269 x A —
0.0118 (R* =0.9982) .,

TE 300 mL #EJEJH T 100 mL % 44 2 e 15 57
Ho ) A RGO AP 4 T MOk 3R R P, 28 C,

® 1 ARMERECH]

Table 1  Preparation of standard sample
. S
i (mL) 2 3 4 5 6 7 8 9
PEFRUER (mg-mL™") 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
ZRIBIK 4.0 3.8 3.6 34 32 3.0 2.8 2.6 2.4
DNS 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
EFUBHES R & (mg-mL ") 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
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260 r/min 5/ F 557 2~3 d, ¥ 55359 F 3600 r/min
TNESL 8 min, B I WA S 13 I0RH B R
1.2.4  RIREGFEETSIRE SR DNS 2500 SR e B i 75
J3,46 15 mL HZEE F A 0.8 mL 1.0% A3 iz 7%
W ,50 °CAEIR/KA 3 min, A 0.2 mL 36 24755 B ()
B, A A B 10 min J5 il A 3 mL DNS, VR4 J5 b
IR 10 min, FKEGH, 28K ERZE 15 mL, fE 240
Sy YEICEE T 540 nm P AR RE WEOGIE, LK IE B R
SN ES FARTIEY S i

X(U/mL) =[ (A,—A,) xD, x3]/(Kxt) #(1)

(D) A A, SHFESROGEE, A, S as Xt BRI
FEREEME s K SAPRUERR LRI AELR D, BB EG L
RLAFE Ch) o
1.2.5 2RAMFAE ARSI E B 28 CHiFES d
M R AL TR 1.2.4 Fr 48 2 60 B 55 0 B i e Rk,
0.9% 1A BRER K v PR A T, K 18 T B PR W B T G B
FRAAETE M AR, A Ly B 388 TR PR v 1 #6401k, A U
JZ IS 4G g, SR 5 FH 2R B O 18 T B TR R
HPEVH AL F] 10° A/ mL, 32 4 B AE i BR i S 3t
BV, BT ASEAR 9 em FEFEIL, AR AN 6 mL |
AL TEIER . B 15 W BIERAMT 3T T, #id 20 min
YR . FEA BIPR A EE JR MUE T 15 L8 4N T
e I ES 30 em &b, FTIFES 3% L 55 T BE S ( B8 3t
MIT TG, N5 452 ) , BRSTH 1A 4351 >4 0 .60 120 180 |
240,300 360 s AR RS R ] 8 3% 57 1L AP JBCH PR
B, 43 SRS 10,100 ,1000 5. MR HL 100 L Fi R
J& P TRV, TR AT T IS S AR 35 95 3 I, B A%
3 AAT, &R ELLCET R 3T BB R LA 489
ACELZELIREG, HUE T 28 CREFRA TR B R R 3~4 d,
B P T 5 13 O )RR S i) 18] R B0 058 2R I %
P = R/ W

F(%) =[(A-B)/A] x100 #+(2)

K (2)h F LR A R % B s AR
JE B EE

GEAFRR A 07 358 < W RS AS T AR T BOF R TR S
SR S X B MLV e £ 3, 43 S UL 375 BH BBl A5 (D)
SR EA(D,) K/, I8 D, /D, A E, ki D,/
D, HOAE K B R AR A 7 S I 52

ZEAFMRRGFIE 7 0I5 < o O 05 A5 1) %) 28 45 PR Ak
AT NG A B I, il s AL B R . AR S SR B IR 2L IR
1.2.4 JIT3R J7 v ) 5 58 A8 TR A 13) SR Je T Tt 04 7 o
1.2.6  JEAMES SR AL B K S 0 56 3%
RHREREFRIE L, MRS A M eS8 —
), A BEFERE 28 CAM T REFR 4~5 d, BT B ks
TUMEREMHRIES . fFFE MRS HICHE ) A —/h
B AW E B 323, T 7 B As N Mg If
IFEH . R B R B R R, &
WIS SR 7 L T i S s S A R
1.2.7  ZRASRRFIH & AR BAR 2l w4 T
125 A W B R IR I TC 7 A < A A B 3 1 S )
2 0.10.30.50.70 90 g, R JHAZE MR 2 100 g, F34H 57
BIERIN 100 200 mL 7K, P800 2 g Bilig£é ,0.07 g Hifig
BE,0.1 g BRERER, LA FEAT [ 44 & i 5% 7% 3% b 48 45 S
W A ER S KA EL ek .
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S5 T A 1 H R BRI LSBT 1.2.4 P75 G
305 B S A A bk R AT A R T R TR 7 R K
HRHEA 2 mL #8 TSP 10,28 °C & FHige4~5 d.
51 42 B o0 6 0 T R v 110 B e S50 S 28 B
I EBEAR T ACKRR L 1210 (g mL) 5955 0.01%
3L —80 HIZEIE K , 76 30 °C 44 F I IR 24 50 min
JEHT 3 JR 20 A BEAT 3 0, 4 9T A5 WK TE 4000 +/min
RO 15 min, FFAS 109 B AR A ™, I ) 2
SRR J1 , 7 [ R 1.2.4
1.3 HBSFKITHH

A Origin 8 22t ¢ 5L 1 25 14 ke 7 156 i 2% e
0S5 e PG T 47 P, FH SPSS #4725 5 1 25 M 4047
p <005 2R EBE.

2 #HERE5WE
21 FREHBERAGE

T R T SR R 5% 9 3 055 3 %P H40741  H40493 |
H40982 H41133 H41134 H41034 _H41278 1 H2214
‘i e S T 5 T A7 S P 0 R T b 12 K
A7 10 K e SHE TR B4 R 3, SR 1 e F R e € 75 O
PEH Dp/De Fo A % B B dko il it 0 9 14 5
H40741 H41134 H41133 F1 H40982 PULE R Dp/
De ARSI 2.2 14 15 14, £ 5 5 U bk 28 il 25
¥ Dp/De A, AT 1 %

Bl BRI il R R () 19125 ] e

Fig.1 Transparent circle of eight

aspergillus niger strains after dyeing

ML 2 AT LIFR HY SR R AR HA0T741 B il 5 5
THAG B B, BN I8 F] 15415 U/mL, 8 J5 25 45
BT, S0 AR HA40741 77 L2 1ilg 19 T 0% 1% H41133 |
H411134 HA40982 = fR B 19 7~ L B il 1% 1 HAT =%
225+ (p <0.05) .
22 HEABEKREIMEL

SR EE S RESRF ) 18] X B4 bRk H40741 1) 24t
JEH B, XY BRI [A] Sy 240 s ), E BB AT L3k F)
91% ( 3) . BEHMFHEAE 0.60,120 180,240 300
360 s Ji5 1 TR B MR BE 1000 A%, 15 3 B J i T8
YEAn T RS - 3 1,28 C 44 FIEiRE 9% 3 d
BEATHI . SLH R B, PE AR JE M TR I /N 25 S W 3
(p <0.05) , FHZE=AHIEEXMELUE RAE T (K 4) o 3]
TEE MBI R P R R AR A2 T 1IE 578, [Rl Nt &
AT IR o IR IR HA0T41 58 APk hy ek
HLR R Bt 4 i 45 7 He H41133 \H411134  H40982 — Kk
AR, MRS H T T F A TR
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Fig.3 The curve of UV—mutation lethality
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2.3 ZIMFLERMITIE

25 IR i R 45 BRI Dp/De B 3443 #2705 (&
5) o PIT2ESHT, A RAREY Dp/De HUARHARA B 3%
HIHE i (p <0.05) , Horf HA0741-20 T BR #4255 0 B
W3 (p <0.05) (K1 6).

FEAR T T 3R AR 0 Dp/De ELERITHY 7 tk 28 ith 2
AT KR H40741-2 (H40741-3 (H40741-19 ‘H40741-20
H40741-42 H40741-57 \H40741-61 43 5|47 2
IR, FFAS I SR T ETTS: 1, e 24 i A 31— Bk v ™
AR A S AL TR R HA0741 —20 , SR JiE il it i 7 35 31
462.84 U/mL,J& H A& B kR HA0741 09 3 15 (& 7)o Xt
PiEETS I E PE AT 0 35 P e A 2 B, R H40741-19 5
H40741-3,H40741-2 5 H40741-61 Jo g F P25
Hh(p >0.05) , HAY TR BRI A7 . 5 VE 28 5% (p <
0.05) o PRItL , o 5 Jie it Pl 175 ) i v e 22 O 05 8 T R
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Fig.5 The ratio Dp/Dc of 264 mutant strains
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Fig.6 Transparent circle of original strain H40741

and mutant strain H40741-20
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Fig.7 The enzyme activity of seven aspergillus
niger mutant strains with higher ratio Dp/Dc
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ZIDE{ IR 38
25 BHEREBEESKE

BN EAALTYER ARRE B TE M W5 FhE
FEW I, AP A AEIS Y TR 24 5 30% , WSS W) T 24
70% " PR, 2K AT AR SRR IR S AR, HLRAT — 5
HOGAA BE , HE 08 25 7R il 2 i AR R $2 1 58 2 19 4o
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Fig.8 Sporangial morphology of mutant strain
H40741-20 under the microscope
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Fig.9 Enzyme activity of fermentation of

grape skin residue and bran in different quality
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